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(54) Polymer^pigment composites 

(57) Composite particles and a method of preparing . 
the composite particles are provided. The composite 
partioles oontain titanium dioxida particles with ad* 
sorbed hvo-phase polymer particles. The two-phase 
polymer particles haire a soft polymer phase and a hard 
polymer phase in which the wel9?n ratio of the hanJ pol- 



ymer phase to the soft polymer phase is in the range of 
10:1 to 1 :5. The oomposita particles containing the two- • 
phase polymer particles have Imppoved aqueous stabil- 
ity and provide coatings with Improved scrub resistance. 
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[00O1 3 This invantlon relates To polymer-pigment composite particles. In particuiar, this invention relator to composite 
particles containing pigment particles and polymer particles which contafri two polymer phases. Further,.this invention 
^ relates to a process' of preparing the composite. 

[0002] Titanium dioxide Is the pigment of choice by most coatings manufacturers, particularty paint manufacturers, 
to provide whiteness and opacity or "hiding" to the final dried coating. Titanium dioxide Is typically the n^ost expensive 
raw material In a coating formulation. Thus,- paint manufacturers have long sought to achieve ttie desired -opacity by 
using the smallest amount of titanium dioxide possible. A number of techniques have been employed, including: 
lo - 
ll ) using titanium dioxide that haa an optimal average particle size and particle size distribution tor light scattering; 
(2) usfng titanium dioxide that is well dispersed. 

The opacifying capability or hiding powerof a coating or paint Is a function of the spacing of the titanium dioxide particfes 
19 in the dried coating. The light scattering characteristics of titanium dioxide partlclee are well known and the average 
. size and size distribution of the titanium dioxide have been optimized by the titanium dioxide rnanufacturers for maxi- 
mum scattertrtg. A/Iaximum light scaitering occurs when the titanium dloxWe pigment particles have a diameter of 
200-250 nanometers (nm) and are spaced aparttrom each other, on the order of a few particle diametere, so that there 
Is minimal interference between the light scattering of neighboring pardcles. 
so £0003] In an effort to achieve the proper spacing of the pigment particles, titanium dioxide manufadturere have at- 
tempted a number of techniques, including encapsulating titanium dioxide particles with a variety of different polymers 
(either fully in the form of a coating or partially in the form of nodules) or adsorbing a vanety of different materials, 
including polymers (either f Mm forming or non-film forming), to the ©urfac© of the titanium dloxldo partlclee. U.S. Patent 
S,3a5,8S0 diecloses an aqueous dlsperelon of composite particles, the composite part:icl©a each including a plurality 
ss of selected polymerio latex particles adsorfcied to a titanium dioxide particle. The selected polymeric latex particles, 
which have at least one dlhydrogen phosphate functional group, provide spacing between Jhe titanium dioxide particlee 
in films to Increase the light scattering of ttie titanium dioxide particles. U.S. Patent 5,385,980 also dlsologes that tt\& 
aqueous d Ispersion of composite particles must Include dibasic phosphate to Inhibit a Continued increase in the viscosity 
of the aqueous dlsperaion. However, the addition ofihe dibasic phosph^Ya may adversely affect the corrosion resistance 
00 Gf metal coatings containing the composite particles. Further, it Is desired thatthe coatings, which contain the composite 
particles, have increased levels of scrub resistanoe, an important property for coatings such as paints. 
[0004] Qoatlngs containing composites must provids a balance of 'propartiss Including optioal propertlea such as 
hiding end gloss, and nriachanlcai properties such as scrub resistance. The composhie-must have good aqueous stabi 
to allow storage and fomnulation or the composite, and formulations prepared from the compo&Re. There Is a continuing 
99 need to Improve the scmb resistance of coatings prepared from coating fornulatlons Including composites white main- 
taining the aqueous stability of the composite containing coating fomnulatlon. The inventors have found that composftes 
containing polymer particles which are characterised as having two polymer phasea, provide a combination of disper- 
aions of composite particles with aqueous stability and coatings with improved scrub resistance. 
. [0005] The present invantion provides a composition having cpmposte particles, the composite particles each in- 
<t» dude at least one two-phase polymer particle adsorl>ed to a titanium dioxide particle. The two-phase polymer partlcfe 
. contains two polymer phases in which the difference In the glass transition temperatures of the two phases Is 1 0'C or 
greater. These two-phase polymer particles are useful for providing titanium dioxide containing composites which are 
stable as aqueous dispersions and when dried, coatings including the titanium dipxide composites which have improved 
scrub resistance. The present Invention also provides a method of preparing the composite particles. 
45 [0006] The first aspect oT this Inventton provides a composition Including at least one coitiposiie particle; wherein 
the composite paraofe comprises atlianlum dioxide particle and two-phase polymer particles adsorbed on the surface 
of the titanium dioxide particle; wherein the composite particle is formed In an aqueous mixture containing at least one 
titanium dioxide paiticls, a multiplicity of the two-phase polymer particles, and optionally, dlspersant, and the weight 
ratio of the multiplicfty oftho two-phase polymer particles to at lea^t on© titanium dioxide particle In the aqueous mixture 
«» is in the range of 1 t^o to 1 :2; wherein each of the two-phase polymer partldas Includes a soft polymer phase with a 
glass transition temperature less than or equal to 40'*C, and a hard polymer phase with a glass transition temperature 
greater than 40*C; wherein the differenoe between the glaea trer^sition temperature of th© hard polymer phase and the 
soft polymer phase la at least 1 0**C; wherein the average weight ratio of the liard polymer phase to the soft polymer 
phase Is in the range of 1 0:1 to 1 :5; and wherein each of the two-phase poiymer particles Includes at least one element 
ss selected from: at least one phosphorus functional monomer as a polymerized group, at least 5 weight % of at least 
on© carboxylio acid monomer as a polymerized group, based on weight of the two-phase polymer particle^, at least 
one acid macremonomer as a polymerized group, and a water soluble polymer chemically bonded to tile two-phase 
polymer particles wherein the water soluble polymer has a molecular weight of at least 1500 prior to bonding to the 
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tWQ-phase poVmer particles and contains at least orq molQty adsorbabl9 to the titanium dioxide particle; or the two- 
pbasQ polymer partldes and the titanium dioxide particle have opposite charges. 

lOOOTj In the second aspect of this Invention, a process Is provided for preparing a stable aqueous dispersion of 
composite particles Includlng.the steps of: dispersing b'tanium dioxide particles in a first aqueous medium; preparing 
s a dtspersion or suspension of two-phase polymer pardclee In e second aqueoqa medium , wherein the two-phase pol- 
ymer particles comprise: a soft polymer phase with a glass transition temperature less than or equal to 40*C, and a 
hard pol/mer phase wfth a glass transition temperature greater than 40*0, wherein the difference between the glass 
transition temperature of the hard potymec phase and tha soft polymer phase is at least IC'C, wherein the average 
weight ratio of the hard polymer phase to the soft polymer phase Is In the range of 10;1 to and wherein each of 
io the two-pha&e polymer particles Includes at least one element selected from the group consisting of: at least one- 
phosphoais funodonal monomer as a polymerized group, at least 5 weight % of at least one carboxyllc acid monomer 
as a polymerized group, based on weight of the two-phase polymer panicles, at least one acfd nriacromonomer as a 
polymeiized group, and a water soluble polymer chamioally bonded to the two-phase polymer partlolee wherein the 
water soluble polymer has a molecular weight of at least I50p prior to bonding to the two-phase polymer particles and 
"fs contains at least one moiety adsorbable to the titanium dioxide particle: or the tWO-phase polymer partlclee and the 
titanium dioxide particle have opposite charges; preparing a mixture containing the tiret aqueous medium, the second 
aqueous medium, and optionally, diepersant, wherein the average weight ratio of the two-phase polymer particles to 
the titanium dioxide particles Is In the range of 1 :;^o to 1 :2: and pernilttlng adsorption oTthe two-phaee polymer particlee 
to Lhe tlanium dioxide particles to form the stable aqueous dispersion of oompoeite parllcle?, 
90 [0008] Tha composition containing the composite particles may be used in preparing formulated aqueous oompoei- 
tidns; such as coating composition?, paints, and inks, which show good aqueous dispersion stabilftyp such as good 
viscosity stability or enhanced resistance to flooculatfon during preparation and storage compared to composite parti- 
cles not including the two-phase polymer particles. These coating compositions may be dried to give coatings which 
show jrrproved resistance to scrub biit also retain the enhancement in hiding otTtained with composite containing 
3s coatings. In addrtfonj one or more benefits In a varlety^of coatings application properties, including gloss, thickener 
efficfency, slurry compatibility, flow and leveling, color acceptance, color float, syneresls, whiteness, metal marring 
resistance, and water spat resistance may be provided. 
> [odod] As used herein, the term ''(meth)acrytacte*' refers to either aoylace or methaorylate end thetenn "(nieth)aistylle" 

i'-" refers to eithdr acrylic or methacrylfc. * . • * 

St? [0010] "Qlase transition temperature" or "Tg" as used herein, means the temperctture at or above which a glassy 
n polymer will Undergo eegmental motion of the polymer chain. Glass transition tsnnperiatures of a polymer can be esti-- 

''XJ" ' mated by theSFox equation [Bullelm of thQ Amoiican Physical Sodety 1 , 3 Page 1 23 (1 956)] as follows: 

»n ^ 

3B 

For a copolymer, and Wg refer to the weig^ traction of tha two comonomers, and T|,(^) and T^^^ refer to the gtaso 
transition temperatures of the two corresponding homopolymeis tn degrees Kelvin. For polymers containing three or 
40 more rnonomers. additional terms are added (Wn/T^j^j). The T^ of a polymer phase can also be calculated by using 
the appropriate values for the glass transition temperatures of homopofymere, which may be found, for example. In 
"Polymer Handbook''^ edited by J. Brandrup and E. H. Immergut, Interscience Publishers. The values of Tg reported 
herein are oalc^lsted based on the Tox equation. 

[0D11] The composition of this invention contains at least one composite particle wherein each composite particle 
49 Includes a titanium dioxide particle and at least one two-phase polymer particle. The two-phase polymer particle Is 
adsorbed to The titanium dioxide particle and minimizes aggregation onnemanlum dioxide particles In aqueous medium 
t>y preventing contact between ticanium dioxide partldes. Composites Including the two-phose polymer particles have 
Improved dispersion stability and also may provide coatings with good optical properties such as hiding, opacity, or 
colon ^nd with improved scrub resistance. 

[0012] A key aspect of the present irwenlion is the two-phase polymer particles. These polymer particles have at 
least two polymer phases. One polymer phase is referred to herein as the "soft polymer phase " end has a glass 
transrtion temperature less than or equal to 40*Cr The other polymar phase Is refen-ed to herein as the "hard polymer 
phase** and has a glass transition temperature greater than 40°C. Further the two polymer pheeaa must havo a differ- 
ence In meir giass transition temperatures ol at least 10«C. The ratio of the weight of the hard polymer phase to the 
ss Weight of the soft polymer phase In the two-phase polymer particle Is in the range of 1 0:1 to 1 :5. 

[0013] The two-phase polymer partksle may also contain more than two phases. However, if there are two or more 
phases with glass transition tsmperaluras greater than 40*C, these two or more phases wiD be conskiered collectively 
as the hard polymer phase. Likewise, ir there are two or more phases with glass transition temperatures less than or 
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equal to ACC, The^e TWO Or more phases will be considered collectively a& the soft polymer phase- In a two-phase 
polymer particle with three or more phases, m least one hand phase and at least one soft phase must have a difference 
in their glass transition temperaturgs of at least 1 0=0, 

[0014] TTie two-phase, polymer particles also have chemical groups which promote adsorption to the titanlunn dIOKfde 
^ particle to form a stable composite, or alternatively, the two-phase polymer particles have an opposite charge from the 
titanium dioxide particle. These chemical groups, or alternatively, the attraction between the opposlto charges of the. 
two-phase polymer particle and the titanium dioxide particle provide the two-phase polymer particles with an afffnliy 
to associate with thetJtanlum dro>ade particle and to remain associated with the titanium dioxide particle. The association 
may be reversible or irreversible and Includes chemical bonding such as covalent bonding and Ionic bonding, van der 

10 Waais attraction, and steric stabilizstron. The composfte particle formed Isy the association between the two-phase 
polymer partides and the titanium dioxide particle must be suffloiently strong to provide composite particles which do 
notseparala intoiwo-phase polymer partideB and titanium dioxide particles when used as a component in a formulation. 
[0015] Suitable morphologiesforthe two-phase polymer particle Include core-shell polymers In which Thesoftpolynriar 
- phase fully encapsulates the hard polymer phaae. Altematrvely, the two-phase polymer particle may have a shell phase 

« which does not fully encapsulate the core phase such as an "acorn" morphology in which ertherthe hard polymer phase 
orthe soft polymer phase may be the shell phase which partially encapsulates the other phase forming the core phase. 
The two-phase polymer particle may also have a *'dipole" morphology In which each phas'e terms separate but con- 
nected lobes, or a particle containing a haitl polymer phase hemisphere and a soft polymer phase hemisphere. The 
two-phase polymer particle may have a morphology In which the hard phase torms muKiple domains within the soft 

so polymer phase. Another suitable morphology fca a iwo-phase polymer particle In which one phase forms multiple do- 
mains on the surface of the other polymer phase. The two-phas© polymer pcirtiole may be spherical or mey have a 
nbn-spherlcal shape such as an edfpsold or a rod-Dke shape. Preferably the two-phase polymer parh'cle is spherical. . 
The chemical group which provides adsorption to the titanium dioxide particle Is preferably at or near the surface of 
the two-phase polymer particle to provide maximum interaction with the titanium dioxide particle. The chemical group 

ss which p/tivideB adsorpt'on may be in either the hard polymer phase or the soft polymer phase. 

[OOiS] The two-phase polymer partlclas useful in the composition of the present invention may be prepared from a 
wide range of polymerl^eble monomers, such as, for example, monoethylenicaJly unsaturated monomers, Including a, 
p-monoethylenicalfy unsaturated monomera such as alkyl acrylates and methaciylates. Suitable monomem include 
styrene, butadiene, a-methyl etyrene. vinyl toluene, vinyl naphthalene, ethylene, propylene, vinyl acetate, vinyl versa- 

^ tare, vinyl chloride, vinylidene chloride, acrylonltrlle, methacrylonitrile, (meth}aoryIamlde. various alkyi esters 

of (mGth)acrylb acid: for example^ methyl (n-ieth)Qorylate, ethyl (meth)aciylate, n-butyl (nrreth)acrylale, Isobutyl (meth) 
acrylate. 2Hsthyihaxy| (meth)acrylate. eycbhej^l (meth}acffylate. r>-octyl (rn8th)acrylata, n-decyl (meth)acryiate, n-do- 
decyl (msth)ab)vlate, tetradecy) (methlacrytate, n-amyl (meth)acrylata, ne'opentyl (meth)eorylaie, oydopentyl (meth) 
aoylata, lauryl (meth)Bcrylate, oleyl (meth)aciylate. palmftyl (meth)acrylate, end stearyi (meth)acrylate; other (meth) 

99 aciylates such as Isobomyl (meTh)acrylai6. benzyl (meth)acryiate, phenyl (meth)acrylatB, 2-bromoethyl (meth)acrylate, 
2-phenylethyl (meth)acrylate. and 1-naphttiyl (meth)acrylate, afkoxyalkyt (meth)ai^ate. such as ethoxyetf^ (meth) 
acrylate, mono-, di-, trialkyi esters of ethylenlcally unsaturated di- and irleaitoxylic acids and anhydrides, such as ethyl 
mateate, dimethyl fumarate, trlmethyl aconitate, and ethyl methyl Raconate. The ethylenlcally unsaturated monomer 
may also include at least one multiethylenical^ unsaturated monomer effective to raise the molecular weight and 

40 cro^elink the two-phase polymer particle. Examples of multiathylenleany unsaturated monorners that may ba used 
include allyt (moth)acrylate, tripropylene glycol di(mGfth)acrylate, diethylena glycol dl(nneth)acrylate^ ethylene glycol rfl 
(meth)acrylate, 1 ,6-hexancdiol di(meth)acrylate, 1 .S-butytene glycol di(meth)acrylatB. polyalkylsna glycol di(meth)acr- 
ylate, diallyl phthalate, trimethylolpropane tri(meth)acrylate, divinylbenzene, divlnyitoiuene, t^inylbenzene. and divinyl 
naphthalene. 

<s [0017] Other types oT pofymerlzable monomers Include functional monomers which may be Included as polymerized 
units In the two-phase polymer particles useful In trtecomposftesof ttils Invention, depending on tha uitinriate application 
for which the product produced by the process of tha present Invention is Intended. For example, small amounts of 
adhesion-promoUng polymerirable monomers can also be included. Examples of otheirtypee of functional monomers 
include hydroxy-functlonal monomers such as, 2-hydroxyethyl (meth)acrylate, aminofuncllonal monomers, such as 

^ * glycidyl (meth)acrylata, (meth)acrylamide, substituted (meth)acrylamide such as discetone (meth)acTylamlde. ace- 
toacetoxyethyl (meth)acrylate, acrolein, methacrolein, dicyclopentadlenyl (meth)acrylate, dimethyl mstaieopropenjl 
benzyl Uccyanate, isocyanato ethyl methacrylate, N-vinyl pyrralldone, N.N'-dimcthyIamlno(meth)aoFylate, and polym- 
eri26ble surfactants* Including, but not limited to. Tram LI=-40 (Henkel Corporation), f^ethyl cellulose and hydroxyethyl 
cellulose may be included In the polymerization mbdure. 

se [OOIS] The ethyienically unsaturated monomers are chosen fortha naid polymerphase and the soft polymer phase 
to provide the properties required In tha intended application and to prc^ic^ff a hard polymer phase with aTg greater 
than 40''C and a soft polymer phase with a Tg equal to 6r less than 40«C, wherein the difference in the Tg'a of the hard 
and soft polymer phase is at least 10° C. The Tg of a polymer phase Is calculated using the Fox Tg equation. 
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[001 9J ThQ Two-phQse polymer parild^ may adsorb to the tilanrum dioxide paiti'clG, by attractiva interaetlona such 
ae by covalenl bonding, ionic bonding, attractfon between oppoeire charges on the two-phase polymer particles and 
thetitanium dioxide paiticle, steric forces, or van darWaels's forces. The attachment of the two-phase polymarpartloled 
to the titanium dioxide particle must be strong enough'to fonn composite panicles which ara corioidlly stable In aqueous 
s medium and wherein the two-phase polymer particles do not desorb from the titanium dioxide particle in the presence 
of other components and in different condiLlons» especially components and oonditfons encountered In themanuractura, 
storage, and use of watar-borrta coatings. 

[0020] In one embodiment, the two-phase polymer particles include as chernlcal groups which provide adsorption 
to the titanium dioxide partble, phosphorus containing groups such as phosphates and phosphonates/The two-phase 

10 polymer particles with phosphorus containing groups may be prepared by polymerization of a mixture of ethytenlcally 
unsaturated monomers Including phosphorus functional monomers. Suitable phosphorus functional monomers Include 
dihydrogen phosphats-ftinctlonal monomerB. Examples of dihydrogen phosphate-fUnotional monomers include dihy- 
drogen phosphate esters of an alcohol in which the alcohol also contains a polymerlzable vfr«y1 or oleflnic group, such 
as allyl phosphate, mono- or diphosphate of bi&(hydroxy-me(hyl) fumamte or itaconate, derivatives of (meth}aciylio 

IS acid esters, such as, tor examples phosphates of hydroxyalkyI(meth)acfylates Including 2-hydroxyethyl (meth)acrylatc, 
3-hydroxypropyl (meth)acrylates, and the like. Othersuitablephosphomsfunctronal monomers are phosphonate func- 
tional monomers, disclosed In WO A1 , and include vinyl phosphonic add, allyl phosphonio acid, 2-ecryiam1do- 
2-methylpropanephcsphonlo acid, a-phosphonostyrene. 2-mGttiylacryfamldo-2-methylpropanepnoaphonic add and 
alkali metal and other salts thereof. Further suitable phoephorus runctrcnai monomers are 1 ,2-ethylanlcally unsaturated 

^ (hydroxy)phosphlnylall^l (meth}ac:rytate monomers, disclosed in US 4,733,005,' and Include ChydrDXy)ph03phlnylme- 
thyl methacrylate. 

[0021} Preferred phosphorus functional monomers are dihydrogen phosphate monomere which include: 

CH2=C(CH3)C02CH2CH20PO(OH)2 

CH2=C(CH3)C02CH2CHLOPO(OH)2lCH3 

CH2=C(CH3)COzCH2CH2CH20PO(OH)2 



CH2=C(CHa)OOaCH2CHOHCH26PO(OH)2 
and the corresponding acryiatss. 

0)022] The two-phase polymer particles may contain phosphorus fur>ct1onal monomer at levels in the range of 0.1 
40 to 1 0 weight %f preferably from 0.5 to 5 weight %, and more preferably from 1 to 3 weight %, based on the weight of 
the two-phase polymer partlcIeSt ae a chemical group wtiich provides a<teorptlOT> lo the titanium dioxide particle. 
[0023] Alternatively, the two-phase polymer particles may be prepared fc^y polymerization and subsequently function- 
elided to give phosphorus functional groups such as dihydrogen phosphate f urictlpnal groups. For example, two-prase 
polymer parndee containing amine functionality may be reacted under basic oonditions with a compound Including 
^ both epoxy and phospriate functional gmups. Similarly, two-phase polymer partides containing epoxide runctlonallty 
may be reacted with a compound Including both phosphate and amine groups. The two*^hafie polymer partfdee which 
are funcdonallzed to give phosphorus functional groups may contain levels of phosphorus functional groups equivalent 
to two-phase polymer particles prepared from phoephorus functional monomer. 

[0024] The two-phase polymer particles may be prepared with either the phosphonrs containing groups In the soft 
so polymer phase or the herd polymer phase. Preferably the phosphorue containing groups are located at or near a surface 
of the two>p has e polymer particle. 

[0025] In another embodiment, the two-phase polymer particles Induds oartx^xylic acid groups as chpmfoal gmups 
which provide adsorption to the titanium dioxide particles. The two-'phase po^ymar particles with cart>oxy tic acid groups 
may b4 prepared by polymerization of a mbcture of ethylenically unsaturated monomers including at least 5 weight % 
99 carboxyllc acid monomars. based on the weight of the two-phase polymer particles. Bcamples ofcarboxylte acid mon- 
omers iriclude (msth)aerylio eold, itaoonic acid, fumaric acfd, malelc acid, maleic anhydride, ethaoryltd 'anid a-chloro- 
acryllc ecfd. a-vlnylacrylic acid, crotonic acid, dnnamic acid, chiorocinnamic acid, p-styrylacrylte acid, ^-acryloxypro- 
pionic add. and salts. thereof. The carboxyllo acid monomer may be included as a polymerized unit in the hard polymer 
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phase or the soft polymer phasQ, provided the carboxylic acid groups are located at or near a surfacs of the two-phasa 
polymer particle. The location of the carfaoxyHc add In the two-phaso polymgr particle may be determined by electron 
mteroscopy using heavy metal ealrs which complex with the carboxyllc add. as described in M. Joanleot, et al. Mac- 
r(?molecufes^6, 31 6B-3175 (1993) andO.L. Shaffer, et al. Pf^fceedJngs ofthoXUth fnternatfonai Congress for BecTton 
Microscopy, 456-427, 1990, Th© two*pha$e polymer particles may contain from 5 to 15 wsight preferably 6 to 10 
weight carboxyllc add monomer, based on the weight ot the two-phaso polymer partlclee, as a chemical group 
which provides adsorption t<5 the titanium dioxide particle. 

[0026] In another embodiment, the two-phase polymer particles indude acid macromonomer as a chemical group 
to provide adsorption to The titanium dioxide particles. As used herein, arid macromonomer refere to oligomer with a 
terminal uosaturatlon and includes monomers with acid groups as polymerized unft3» The terminal unsaturation and 
the section of the acid macromonomer with the acid groups, may beattached direcfly orthrough a flnker group. Suitable 
acid macromonbmers are: 



30 



as 




^ — [NlnlMIoi H 



and 




(III) 

Wherein N Is the residue of an ethylenfcaiy unsaturated cart>oxync BCid monomer and has the fomiula; 

40 CHfl CZ 

COOY 

wherein M Is the residue of a second ethylenlcaliy unsaturated monomer and has ttie f orniula 



CH2 C2 " 

BO I 

R 

wherein tho N and M residues are randomly airanged in tho acid macsromonomor; wherein m le the total number of M 
s& residues in the acid macromonomer and is in tho range of 0 to 150; wherein n Is the total number of N residues In the 
Bcld macromonomer and I9 In the range of 2 to 300; wherein n Is greater than or equal to m: Wherein the sum of n and 
m is in the range of 2 to 300; wherein A Is a linker group selected from the group laonsisting of ester, urethane, amide, 
amine, and ether linkages: wherein p is in the rang© of 1 to 20; wherein X Is selected from the or'oup consisting of 
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-COOY and R; wherein R Is selected from phenyl radlcsala, eubstitutcd phenyl radicals', -CONHa* -CONHFi', -CONR'R', 
-CN, -CCOR', -OCOR', -CI, and mixtures thereof, wherein H* Is an allcyl or alkoxyalKyl radical Indfipanctently SGfactad 
from the group consisttng of branched, un branched, or cyclic hydrDcartx)n radicals having 1 to 1 a carbon atoms; wherein 
Y Is In dfipen den liy -selected from the group consisting of H. NH4, aflcall metals and alkaline earth metals: and wherein 

s aach Z Is Independently selected from the flroup con^J^ting of H arrd CWa. m ' I 

[0027] The add maoromonomere may be polymartsed rrom at least one ethytenlCQlly unsaturated carboxyllc acid 
monomer and optionally at least one sacond ethylenlcally unsaturated nnonomer. Suitable elhylenically unsaturated 
carboxyllc. acid monomers Include acrylic ecld, methecrytic acid, beta-acryloxyproplonio add. ethacrylic acid, a-chto- 
roacryllc acid, a-vrnylaciylic ecld, crotonic add, a-phenylacryllc acid, clnnamlc add, chlorodnnamfc; add, and p-eiyr- 

10 yiacryllc aold, Prefenred elhylenically unsaturated carbpxylic add monomers are aerylte aoid and methacryllc actd. 
[0028] The aecohd ethylenbalfy unsaturated monomer incJudes styrena. vinyttoluene. a-melhylatyrene, vlnylrtaph- 
thalane, vinyl acelataj vinyl versatate. vinyl chlortde, (meth)acrylonltrlla. (rneth)acry (amide, mono- and di-eubdtlluted 
(meth)aorylamldtf, various (C^-C2o)alkyl edtei^ of (meth)Boryl{o oold; for example, mathyf (meth)acrylata, ethyl (math) 
ac^ylate, n-butyl (meth)acrylata, laobutyl (meth)Hcrylate, 2-ethylhexyl (meth)acTylate, cyclohaxyl (meth)acfylate, n-oetyl 

f« Ctneth}acrylate, n<lacyl (m&tit)acrylate. n-dodecyl (meth)aorylate. tetradecyl (msth)acrytata, n-amyl (meth)acryTate, 
neopentyl (mGth)acryiata, oyciopemyi (meth}aQrylate, lauryi (math;acrylate, oleyl (meth)acrylate, palmJtyl <meth)acr- 
ylate, and stearyl (m0th}acrylaTe; and orner (rneth}aorylatfls such aa teobomyl (meth)Bcry]ate, benzyl (meth) aery late, 
phenyl (meih)acryl&c, z^iromoeth]^!' (j^alfijSoiyiaTe. 2-phenylethyi (meth)aoTylate, and 1-naphthyl (meth)agrylatei *• 
alkQxyalkyr(merh)acrylaiB such as ethoxyethyl (meth)aerylats. The acid i73^9|crDn?onomars contain as polymerized unOs 

BO rrom 50 to 1 00 mole percent ethylanfcsaHy unsaturated carboxylb aofd rnondfher, ^reTerabty from TO to 1 00 mole percent, 
and most preferably from 90 to 1 00 mote pendent of these monomers. 

[0029] TTie add macromonomera may be prepared by vaHaua oomrentlonal synthetic methods Indudrng anionic 
polymerlzetTon as disclosed In U.S. Patsht 4.ise,730. radJcal polymerization wfth chain transfer agents auoh as cobalt 
camplexes as described In U.S. Patent 6^24,879, catalytic chain transfer potymorlzatlon with teimlnally unsaturated 

ss acid macromonomers uaed as chain transfer agenta ea doscrfbad In U.S. Patent 6,362,826, and high temperatuFo 
radical polymerteatkon as described In U.S.' Patent 5,710,227. The terrhlnally unBahirated acid macromonomers of 
rormula t may be prepared by conventional radical polymedzation using a hydroxy-furictional chain transfer agent such 
as 2-marcaptoethenD| followed by the reaction of the hydroxyl group with an ethylenlcaify unsaturated moriomer with 
a complimentary reactive gnsup to attach Ihe terminal unsaturatlon. Examples of eth^^lenically unsaturated monomers 

30 with a compHmentaiy reactive group [nciuda gfyoldyl (meth)acrytate, tsocyanatoethyl (meth)acrylate, or (meth)QCTyno 
add. The eihylenicaHy unsaturated monomers with a complimentary reactive group may be attached to the ftagmani 
of the hydroxy-runcttonaJ chain transfer agent by various linkages Including ether, urethane, amfde, amine, or ester 
llnicagas. The acid macmmonomers of formulas I, II, and 111 may be prepared kiy bulk, solution, and emulsion potym^ 
erizatlon using batch, semlcontlnuoufi, or continuous processes. 

as [0030] Another method to prepare the add maoiomonomers le polymerixaHon of esters of ethylenicaiiy unsaturated 
carboxyllc add monomers such as ethyl aciylate, butyl aciylate, or methyl methacryiaie followed by the parttal or 
complete hydrolysis of the ester groups to obtain the carboxyllc acid functionaHtles. 

[0031] The two-phase polymer particles with acid macromonomermay t>e prepared by polymerization of a mixture 
of othylenically unsaturated monomers Including acid macromonomer. The acid macromonomer may be included ae 
a polymerized unit In thetf^arti- polymer phase or the soft polymer phase, provide that the polymerized add monomer 
Is looated-atprti^ar the surface of the two-phaae polymer particle. The two-phase p>olymer particles may contain from 
0,1 to 10wQlght%, preferably from 0,S to 5 weight %. and ^tioreprefel^bly irom 1 to 3 weight % add macromonomer, 
based on the weight of the two-phase polymer pertides, as a chemical group which provides adsorption to (tie titanium 
dioxide parUcle. 

^ [0032] In anoUier embodlrrienl, the two-pftaee polymer partlcloa Indude a Water^olubfe polymer to provide adsorp- ■ 
tlon to the titanium dioxide panicles, the watGr-soiubla compound containing moletlea which are adsorbabia to the 
Ulanlum dioxide partldee. As dlsdosBd.tn US-A-5.412,019. the water-soluble compound may b^ bonded to the iwo- 
phase polymer partlolea during the polym»rt£ation of the two^hass polymer partldesj or the watBr-eoiuble compound 
maybe bonded to the two-phase polymer particlee after polymerization, for example by oo-reaathre moietl^ between 

so the Iwo-phasB polymer partfde and the waler-soiubfe compound. 

[0Q33] Sult^le water-soluble compounda Include polymers with a weight average molecular weight over 1600 such 
as polymers and copolymerB containing as polymariied units, (m©th)aciylamlde, (m©th)acryl[c odd. hydroxyalkyi 
<meth)acrylatee. aminoalkyi (melhjaorylates. vinyl pyridine, vinyl pynx»lidone. vinyl and styrena eulphonic acid. Other 
WBter>8oruble compounds include polymer ehalr^s of poly(elhy|ene Imlne), poly(elhyoxylatB), pdy(vinyl alcohol); cellu- 

BS loae ethers such as hydmxyalkyi celluloses (including l^drophoblc^Ily modined va/lants), el kylhydrxjxyalky I celluloses, 
earboxyaikyi celluloses, and carboxyalkylhydroxy-alkyi celluloses. Further water-aoluble compounds include jaolymarB 
such as polyestere and polyurethancs or starch derivatives such as ae^nate^, hydroxy alkyl and acroxyaiJcyl ptarchee 
or ionic starch derfvatives such as phosphata, sulphate, «Bnd aminoalkyi, or polysaccharides such as xanthan. guar- 
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gum, and gum arablo. 

[0034]. The water-eoluble compound may be potymarlzad Intha hard polymer phase or the eofi polymer phasd, 

provided that the water-«oiubte compound is at or nearthd outersurfacd of the two-phasd polymdr particle. 

[0035] In another embodrment, adsorption of the two-phasa polynnar partldea to thd titanium djoxldd particle Is tho 

^ attraction between ttie two-phase polymer particles which hava a'sutfaca charga of one polarity, and the titanium 
dioxide paftlole which has a surface charge of the opposlta polar(ty. As disclosed In US-A'5,SQ9,960r IhB composite 
may be formed by- preparing a dispersion of thetwo-phasa polyn^r partlcjaa with either a positive or negative surface 
charge and a dispersion of titanium dioxide partldeawltbtha opposite surface charge, mixing the two dlaperslor^ under 
. condition's such that the mixing does not produce a reversal of Che sign of the eurtaod charge oh one of the pertloies. 

ro The pH valuea of the dispersions containing the two-phase polymer parllclee and the titanium dioxide particles may 
be chosen to obtain particles with the desired sign of surface change. Preferably, the plH values of the two-phase 
polymer |6artlde dispersion and the titanium dioxide particle dispersion are similar to dimpltfy the mixing step of the 
two dlsper&lons. Alternatively, if the two dispersions have different pH valuee, add or base may ba added during the 
mixing step to adjust the plH and prevent change In the surface charge? of the particles. 

[0036] The two-phase polymer particles useful In the composite of this Invention may be prepared by any pi^oess 
which provides copolymerization of ethylentcaOy unsaturated rinonomers to prepare tvra polymer phases fiuen aa two- 
stage emulsion polymehzatloh. Suitable processes Include suspanelon or emulsion polymertzatloni Inclucirnd for ex- 
ample, the process dlecioeed in US-A-5,356,96d and US-A^,264,530. Thfl two-phase polymer particles useful in the 
composite of this Invention may have monomer composrtione. particle sizes, and particle sizo dlstrlbuliane closely 
so nslatad to pofymerlc latex binders prepared by standaixl emulsion polym^zation techniques known In the art. In ad- 
dition, the polymer particles useful In the composlta of the invention may have art unlmodal or a muMmodai, Including 
a blmod^l. partfdc size distribution. • 

[0037] Emulsion polymerization techniques for preparing an aqueous dispersion of ilie txAro-phaee polymer partldas 
from ethylenioally unsaturated monomers ara well known in ttie polymer arts, and any conventional emulaion technique 

ss for preparing two-phaae polymer paiUdas eqch as multipla stage polymerization proceases Induding two stage po- 
iymari^on procesfies. In a two stage poiymerlxatlon prooeee, a first monomer mixture may bo prepared eohtelnfng 
ethylenioally una^tumted monomers and added to the poiymertzatlpn veesei. After the complete addition and potym- 
erizatlon of tfio f IrBt monomer mlxtura-to prepare particles of tha first polymer phase, ^ -second poiyrher phase may ba 
praparacf tiy preparing a second monomer mixture containing athylenically unsaturated monomers, adding the eeoond 

90 monomer mbctura to the polymerization vessel containing the partlciGs of the first polymer phase, and poIynrMrlzIng to 
prepare pofynnarpartlclea which have q soft polymer phase and a hard polymer ptiase. Inthetwo stage polymerization 
. pnocesa, tfie firsl polymer phase way be the soft polymer phase and the eecond polymer phase may b'e the hard 
polymer phBse^-Altamatlvely, tha first ppfymar phase may ba trie hard polymer phase and thesecorxl polymer phasa 
may be the aotl polymer phase. The two stage polymerizaiion process mey also be run as two ^dividual polymertzatlon 

9tf processes wherein the first poiymerphase is pr»pared in aflrat poiymarbatldn prooeea and at a subsequent ttmSp the 
second polymer phase is prepared tiy a second poiymerteatlon process In the presenoa of the first polymer phase. 
Altemaliveb^, the first and second pol^ereatlon prooesass may be aequentlal stepe In separate reaction vessels. The 
polymer partldea may ba prepared using a seed polymer emulsion to control the number of particles produced by tho 
emulsion polymerization of the first phase polymer, as is imown [n the art. The particle size of tha polymer parlidaa 
may be controlled lay adjusting the Initial surfactant diarga as Is Icnown In the art. The preparation of polymeric latex 
polynters such as the two phase polymer paittclea Is discussed ganareliy In D.C. Biackley, Emulaien Poivmerizatlpn 
(Wiley, NewYoric, 1d7S}. The preparation of eoryllo latex poiymera is described In, for example. Emulsion Polymerization 
pfAcrvllQ Polymers. Bulletin, Hohm and Haas Company, Philadelphia. Prefeiably, tha two-phase polymer paitidas are 
prepared by a polymerization process in an aqueous medlun^ Preferably, the aqueous pdymerlzadon or the two-phase 

49 polymer parttdes containing as polymerized units, ethytenlcally unsaturated monamers Induding phosphorus TUnctlon- 
al monomers^ carboxylic acid monomers* or acid nrucromonomer Is conduccad at a pH below 5, more preferably at a 
pH below 4, and rnoel preFerably in a pH range of 2 to 4, 

[QD3B] A polymsrizatton Initiator may be used in oanying out the polymerization of tha two-phase polymer particles. 
Examples of potytnarization initiators wtiioh may be employed include polymerization InltlBtare which thermally decom- 

^ pose at the polymarization temperature to generate free radicals. Examptes Include both water-sduble and water- 
insoluble species. Examples of free radical-generating Initiators which may be used Include persutfatea, such as am- 
monium or alkali met^ (potassium, socfium. or lithium) perculfatQ; azo compounds such eB2,2*-a;^obie{ieobutyronitrit9), 
2,2'-azobfe(2,4-dlmethylvaiemnlime). and 1-t-butyl azocyanocyclohaxane; hydroperoxides such as t-butyl hydroper- 
oxide and cumene hydroperoxide; peroxideB auch as benzoyl peroxide, ceprylyt peroxide, dl-t-butyl peroxide, ethyl 

« 3,3'-dl-(t-butyiperoxy) butyrate. eihyi Sia-'diCt-amulporoxy) butyrale, t-arTiylparoxy*2-Dthyl hexanoale* and t-butylpetoxy 
pMlate; persstars such as t-butyl peracotate, t-butyl perphifiaiate. and t-buiyl pertaenzoate; as well as percarbonates, 
such as di(1-cyano-1-methylelhyl)peroxy dicarbonate; and peiphosphat^. 

iposai Polymerization Initiators may be usad alone or as the oxidizing component of a redox system, which aJso 
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includes a reducing c6mpon9nt such- as a$corb?c acid, malfc add, glycine acid, oxalic acid, lactic acid, thloglycollc 
acid, oran alkali metal sulfite, more specifically a hydrosulfile, hyposulfita, ormatatileulffte^such as sodium hydroeu If Ite, 
potafisfum hyposulfite, and potasfilum metabisulflte, or sodium formafdehyde sutfoxylats. 

[0040J Tho initiator and the optional reducing component may be usodin pro portions from 0.00l^to5%each,basod 
^ on the weight of the ethyfenically unsaturated monomars in t^e monomer mixture to be polymerized, AcceleratorBSUOh 
aschlDrida and sulfate salts of cobalt, iron, nfckal, or copper may be used in small amounts. Examples of redox catalyst 
systems include t-butyl hydroperoxide/sodium formaldehyde sulfoxylatcyFe(ri). and ammonium persulfataAsodlum bi- 
sulffte/fiodlum hydro3Ulfite/Fe(II). The polymerization temperature may be from room temperature to about SO^C, and- 
may be optrmizsd for the catafyst system employed, as Is ooriventionaJ. 
10 [0041 J Chain translTer agenle may be used to control polymer molecular weight of a polymer phase. If desired. Ex- 
@mpJ^ (d Qhain Xmnsf&r agents Include mercaptans. pQlymarcaptans, and pptyhalogsmcQmpAundfi. .Examples of chain 
transfer agents which may be used include alky! mercaptans such as ethyl mercaptan, n-propyl mercaptan, n-butyl 
mereaptan, teobutyl mercaptan. t-amyl meroaptan, n-haxyl mercaptan. cydohexyl mercaptan, n-octyl rhercaptan. n- 
deoyl mercaptan, n-dodecyl mercaptan; alcohols such as isopropanol, isobutenoK lauryl alcohol, and t-ootyl alcohol; 
haJogenated compounds such as carbon tetrachloride, tetrachJoroethyiene, and trfchlorobromoethane. Generally from 
0 to 1 0% by weight, baaed on Uie weight of the Bthyfenieaiiy unsaturated monomers in the monomer mixture used to 
prepare the polymer phase, nnay be used. Thepolymer molecular weight may be controlJsd by other techniques known 
in the art, such as selecting the ratio of the Initiator to ethylenlcally unsaturated monomer. In the two phase polymer 
psrtfdes of this Invenlfon, each polymer phase may hava similar molecular weights or may have different molecular 
^ weights. 

[0042] Catalyst and/or chain transfer agent may be dissolved or diapersed in separate or the same fiuid medium and 
gradually added to the polymen*2ation vessel. Ethylenlcally unsaturated monomer, either neat or dissolved or dispersed 
in a fluid medium, may be added simultaneously wwth the catalyst and/or ihe chain transfer agent. Amounts of Initiator 
or catafyst may be added to th© polymen>atk>n mixture to "chasG* residual monomer after polymerization of the first 
polymer phase or the eeoond polymer phase has beon substantially completed to polymerize the residual monomer • 
as Is wfrll known In the polymerization arts. 

[Q043] Aggregation of the tWo-phase polymer partioles Is typically discouraged by including a stabilizing surfactant 
: In the polym^tlzatipn mixture in the polymerization vessel. In general, the growing polymer particles are alabilizGd- 

durlng emulsion pofymerUailon by orie or more surfaetantB such as an anionic or nonionic surfactant, or a mixture 
1/ 30 thereof, as is well known in the polymensiatlon art. Many examples of surfactants suitable for erriuldiOn" polymerization 
ai^ fliven in McCutcheon'a Detergents and Emutelflers (MC Publishing Co., Glen Rock, NJ), published annually. Other 
' types of stabjllzing agents such as protecttve colloids, may also be used, Howevar, It Is preferred that tha amount and 

type of stabiliiaung surfactant or other type of stabilizing agent employed during the polymerization rafu^tion be selected 
so that residual stabilizing agerrt In lha aqueous product of the polymerization reaction does not significantly interfara 
^ with the properties of coatings containing the composite of this invention which includes the two-phase polymer pani- 
cles. Further, charged initiator fragments and ocpotymerlzed monomer bearing charged functional groups such as 
copolymerlzgd aoid-fu notional monomer are known to contribute to the stability of the resulting two-phasa polymer 
particlas. It Is Important to note that stabilizing surfactants, copolymerlzed strongly acidic monomers residual Inibator 
fragments, and the like, may also Interfere with the aqueous stability of the composites of thte invenbon. Thus adjusting 
<o polymerization condition to provide a desired level of residual inlliatorf ragments and au rface acid may be very Important 
In providing two-phase polymer particles for use In the process of the present invention. 

[0044] TTie two-phase polymer particles useful in the composite particle of this Invention have a weight average 
molecular weight, IVlw, of at least 50.000. preferably of at least 250,000, and most preferably of at least 750,00, as 
measured by gol permeation chromatography. 
. [0045J Thetwo-phasepolymerpajilcles may be prepared as an aqueous dispersion orsuspenslon with asoilds level 
to TO weight %. The solids level of the two-phase polymer particles prepared by aqueous emulsion polymerization Is 
typfcally in the range of 20 to 70 weight %, prefenably in the range of 35 to 60 weight %. Generally, the two-phase 
polymer paiUisles are prepared at the highest possible solids level to maximize the reactor output without undue gal 
fonnation either during or after polymerization, and provided the viscosity ot th^ aqueous dispersion or auspensioh Is 
^ low enough to permit pumprng and mbcing of the aqueous dispersion or suspension. ' ' . 

[0046] Composite particles may be prepared With two-phase polymer particles having average diameters In the range 
of 20 to 1 000 nm. Howevar, for composite particles containing titanium dioxide pigment or other pigments' of similar 
sfzo» maximum hiding power is typically obtained with two-phase pofymer partldee having average dlanieter^ In the 
range of 40 to 1 So nm, preferabfy in th© range of SO to 125 nm, and more preferably In the range of 60 to 100 nm.The 
« diameter of the two-phase polymer particles Is measured by a quasislastic light scattering technique, such as provided, 
for example, by the l^odel BI-90 Particle SIzer, of Brookhaven Instruments Corp. 

[0047] Composite particles may be prepared with the two-phaso polymer particles adsorbed to pigment partlciee 
such as zinc oxide pigments, antimony oxide pigments, barium pigmencs. calcium pigments, zirconium pismonts, ohro- 
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mium pigmsntB, iron pigments, magnesium pigments, lead pigments, zinc suffida, lithopono, and phthalo blue. In one 
embodiment, the composite particles are prepared from clay partictes such as kaolin ordGlaminatGd clay particles and 
two-phase polymer particles adsorbed to the clay paniclea. In another embodiment, the composite particles are pre- 
pared from calcium carbonate [^articles and two-phase polymer particles adsorbed to the calcium carbonate particles. 

5 Preferably, the pigment particles are titanium dioxide and more preferably, the pigment particles are rutlle titanium 
dioxide. The pigment particles may ba uncoated or coated with a conventional pigment coating. ' 
|;oa4e] ntanlum dioxide particles are available commardaJly both \(\ the form of aqueous 6lun*Iee and as dry pigment, 
and with a variety of surface treatments, depending on the Intended application. Some components of commercially 
available slurrias, auch as sodium or ammonium poly electrolyte dispersants, may Inhibit adsorption of the polymer' 

10 particles on the Utanfum dioxide particles, as may certain surface treatments. Consequently, the extent and Strength 
of adsorption depends on both the grade and physical form of the titanium dioxide and the identity of the two-phase 
polymer particlGS employed. 

[0049] An aqueous dispersion Including the composite particles of this invention may be prepared by first admixing 
a first aqueous medium containing a dl&peneion of titanium dioxide particles, a saoond aqueous medium containing 

13 thetwo-phaaepolynrterparttcjeSpahd optionally dispersant Next, the two-phase polymer parUcles are allowed sufficient 
time to aeldorb to the titanium dioxide partlclee to fomi the composite panicles of this Invention. The adsorption of the 
two-phase polymer particles to the titanium dioxide panicles Is believed to be spontaneous and will continue until the 
two-phase polymer particles are completely adsorbed to the surfaces of the titanium dioxide particles, the surfaces of 
the titanium dioxide particles are completely covered with two-phase polymer particres, or until an equilibrium is 

io achieved between adsorbed two-phase polymer partidea ar>d two-phase polymer particles remaining dispersed in the 
aqueous medium. The time required for the completion of adsorption may depend upon the titanium dioxide type, the 
surface treatment of Ihe titanium dioxide particle, dispersant type and concentration, the concentrations of the titanium 
dioxide particles and the two-phase polymer particles, and temperacure. The adsorption may be complete upon ad- 
mixing of the first aqueous medium and the second aqueous medium, or may require further time. For composites 

•Sff prepared with titanium dioxide particles ae the pigment particles, adsorption of thetwo^haso polymer partlciestypicaily 
required 12 hours for complete adsorption, i^lxlng the aqueous medium containing the Titanium dioxide particles and 
the two-phase polymer particles may reduce Ihe time for the completion of adsorption. Low levels of other components 
may be present in the aqueous medium during the formation of the ccmposito particle provided these components do 
not eubstantfaliy inhibit or euhfitafitlally Interfere the adsorption of the two-phase polymer particle to the titanium dioxide 

5© particle. Examples of othercomponents include cosolventssuch as-watermiscible solvents; wetting agents; defoamers; 
surfactants; biocldas; Other copolymers; and other pigments. .Preferably the oomposite particle of this Invention is 
formed In an aqueous medium in the absence of other copolymers and other pigrnentSr 

[0050] In the preparation of the composite partlclee Of this invention, the first-aqueous medium, the second aqueous 
medium, and optionally the dl&persanrt may be pcbmixed by either adding the first aqueous medium to the second 
as aqueous medium or adding the second aqueous medium to the first aqueous medium. The opttonai dtspeisant may 
be added to the first aqMeoua medllim. the second aqueous medium, or to the mMure of the Hist aqueous medium 
and the second aqueous medium. Mbcing may be provided to ensure that the titanium dioxide pardcles and two-phase 
polymer particles are distributed uniformly in the combined aqiTeoua nnedium. It Is preferred that the first aqueous 
medium containing thatltanlum dioxide particle dispersion oreluny is added to the second aqueous medium containing 
40 the two-phase polymer particles, rather than visa versa, so that situations In whksh there is a temporary "excess" of 
titanium dioxide particles relative to the two-phase polymer partldes, and the poseipiiny of grltlormation through bridg- 
ing flocculatlon of the two-phase polymer particles by the excess of titanium dioxide particles, may be avoided. 
£0051] An aqueous dispersion including the composite particles of this invenrlon may also be prepared by flret pre- 
paring a dispersion of two-phase polymer parades in an aqueous medium. Next, the titanium dioxide particles are 
4tf dispersed in the aqueous medium containing the two-phase polynier particles and optionally dispersant, and the two- 
phase polymer particles are allowed to adsorb onto the titanium dioxide particles to form the composHB particles. 
[10052] The preparation of the composite particle of this invention includes an optional dispersam. The dispersant 
may be added at levels which do not Inhibit or prevent the adsorption of tiie two-phase polyme r particle to the titanium 
dioxide particle. Jhe composite partido may be prepared with levels of dispersant in the range of 0 to 2 weight %, 
preferably 0 to 1 weight %. and more preferably 0 to 0.5 weight %. based on the weight of the tjtanlum dioxide pigment! 
In one embodiment, the first aqueous medium Is prepared with dispersant to aid In the dispersion and stabilization of 
the titanium dioxi.de particles. In'another emlP0diment» the composition containing the composite partlole of this Inven- 
tion does not contain dispersant. Suitable dispersants Include anionic pblyelectrolyte dlepereants such as copplymer- 
izod maleio acrd. copolymers including copolymerized acrylic acid, copolymarB including copoiymertzed mechacryllc 
acid, and the lllfe; orcarboxyllc adds containing molecules such as tartario acid, succinic acid, or citric acid. 
[0053] The pracUce of .the process of the present invention may depend on the specific grade of litamum dioxide 
employed. The present prpcesa may be employed to yield Improved coating properties with respect to a spaelfie grade 
of titanium dioxide may be readily determined empirically. Electron microscopy may be employed to observe the corn- 



so 



10 



PA6E40/S5'RCVDAT12I14/2(IOS'3:5):51PM [Eastern standard ronej'SVR:^^^^^^ 



12/14/2005 15:11 FAJ 812 331 7401 IPLM GROUP, P. A. gI041 



EPia0919l A2 

posite partlcl© of ihls Invention formed by admixing the first aqueous modrum, the second aqueous medium, and op- 
tionally, dfspersanl. Composrta .particle formation may also ba charactedzed graivimetrically as described in US 
e. 030.602. 

t0054] In addition to the composito particles, other components may be added to the composition of this invention 
s depending upon tha application of the composition. For example, a second polymer may be Included as a binder In a *. 
composition suitable as a coating formulation for coating substrates. As used herein, a second polymer refers to poU 
ymers which are film fonning at application conditions. Suitable second polymers Include polymer particles with mini- 
mum film formation temperatures at or below the application temperature. Other suitable second polymers include 
polymer particles with minimum film fomiation temperatures above the application temperature which may ajso tncJude 
fo coalesoents or plasticizers to provide the polymer particles with effective minimum film formaftlon temperatures at or 
below Ihe appJicatioTi tempenature. Other suftable second polymers include water soluble polymers such as acrylic 
copolymers. Cornpositions including the composite partldc of this Invention Which are suitable as coating compositions 
may contain f ronn O to 30 weight % second polymer, based on the weight of the composition solids. 
[0055] In addition, ihe composition containing the composite particles of this invention may also Include other optional 
f* components, including without limitation, other polymers, surfactants, exlendere. pigments, and dyes» pearleecents, 
adhesion promoters, orossllnkers, dispersants, detoamers, leveling agents, optical bn'ghteners, UV stabilizers, coales- 
cenite, meology modiRors, praseryath^es, blocrdes, and antioxidants. Further, the composWon containing thecomposite 
particles may also Include other pigments, Including plastic pigments such as solid bead pigments and microsphere 
pigments containing voids or vaalcies. and inorganic pigments. Examples of solid bead pigments include polystyrene 
so and polyvinyl chloride beads. Examples of microsphere pigments, which include polymer particles eoniaining one or 
mors voids and veeiculated polymer particles, are disclosed In U.S. 4,427,835; U.S. 4.920,ie0; U.S. 4,594,363; u,S. 
4.469,825; U.S. 4,468.498; U.S. .4,880,842: U S, 4,985,064; U.S. 5.157.0B4; U.S. 5,041,484; U.S. S.D36,109; U.S. 
5,409,776; and U.S. 5,510,422. The levels of composfta parcdee and plastic pigments In the composition may be 
varied to optimize a particular property In the dried ooating, such as hiding, whiteness, gloss, or any combination of 
properties. 

IP056] The pH of the composition Including the composite paiticia of this invention may be in the range of 3 to 10. 
CompoeltJona having composites containing two-phase polymer particles which include phosphorus containing groups, 
CQcbo)cylfd^acfd groups, or acid macromonomer as the chemical groups which provide adsorption to thatlianlum dioxide 
pactlcle, preferably have pH values in the range of 7 to 10. 

so [0057] The Improved aqueous stability of the composWon oont&inlng the composfta partide and the improved scrub 
resistancQ of a coating prepared from this composition provide greater fle)dbilily in preparing aqueous csompoeitlons 
coataining the composite particle of thte Invention. Foreatample. in some cases the use ofthe present process provides 
a means for FBducing the amount of titanium dioxide pi^Tient required to provide thetargetopacity^ thocomposlte 
particles are lised in coating formu lations , the present method may provida improved coating properties, such as opacity 

3S or hiding, heat age resistance of hiding, whiienesB, tint strangth, mechanical proportlea, and gloss relative to systems 
that do not contain the oomposite particlss of this Invention. The method also provides coating fomiulatlona giving 
coatings wldi Improved opacity for a given titanium dioxide pigment level. 

[00^ The composite particles of this invention are particularly useful for improving the performance properties of 
coatings and paints formed therefrom. Alternatively^ the invention offers the ebiiity to formulate coatings and films of 

40 substajnially equal perfomianca properties as conventional systems but with lower concentrations of expensive tita- 
. nlum dioxide pigment; and accordingly at lower cost. The present invention further contemplates pr^aring fully for- 
mulated aqueous composltlonsi including aqueous coating compositions, using the composite particles, and the sub- 
. sequent Lse of the fully foimulated aqueous coating fonriulation to form products. Including coatings and coated articles, 
[0059] For the preparation OT Composite particles containing two-phase polymer particles which Include phosphorus 

4ff functional monomerp carboxyllc acid monomer, or acid macromonomer as a chemical group which provides adsorption 
to the titanium dioxide particle. It is preferred that the titanium dioxide sluny Is prepared wtth low levels or, more pref- • 
erably, without pl^bsphale containing dlspersanls and surfactarrts, as these dispersants and surfactants may be difficult 
to displace from the surface of the titanium dioxide to permit adsorption of the (wo-phase polymer particle. 
[0060] The two phas e polymer partldes of this invention are preferably selected to provide strong adsorption to the 

so titanium dioxide particles. 

[0061] The process of the p res er^t Invention Is believed to be dependent to some extent on the relative concentratfona 
and particle size© of the two-phase polymer particles and the titanium dioxide particles with more two-phase polymer 
panicles being required at a higher concentration of titanium dioxide for optimum perfomiance. ProforalDly, the two- 
phase polymer particles are employed at sufficient levels to obtain optimum performance properties in formulation ' 

S3 prepared for particular appiicQtlons. j, • 

[□062] The concentrntion of pigment particle^ including extenders which may ba present in the coaling formulation 
is expressad In terms of the pigment volume concentration of the fonnulaiJon. The pigment volume Concentration 
(hereinafter referred to as the "P VC) of a formulation is defined as the volume amount of inorganic particles, Inolucfing 
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titanium dioxide and other pigment particles as well as ©xtendar particl©a, prasent In tha fDfmulation, dMded by the 
sum of the volume amount of such inorganic particles plus polymer particfo solids in the fomiuiation and express&d 
herein as a percentBge. The composite particlos may Improve "the opacity or hiding of a coating formulated over any 
PVC range. Preferably, the PVC of coating fomiulations including the composfte partlde of the present Invention Is 

s from 5% io 85%, and more preferably from 10% to 60%. 

[0063] The composition containing the composite particles of the present Inyention are preferably used in or as 
' arohitectural coatings such as Interior and exterior house paints, including masoniy paints, wood coatings, and treat- 
ments; floor polishes; maintenance coatings such as metal coatings; paper coatings; and traffic paints such ea those 
paints used to mark roads, pavements, and runvvays. 

10 [0064] The composition containing the composite partlclee of the present Invention may also be useful for Improving 
the hiding of a coating. 

[0065] The aiustratfve examples which follow illustrate the composition and the process of the present irrvention. 
These examples will aid those skilled in tha art In understanding the present invention: however, the present invention 
is in no way limited thereby. 
IS [0066] The following test methods were employed to evaluate the example compositions: 

Composite Siatnllty: Composite stability was evaluated by preparing aqueous dispersions of the composftes and 
alfowing the aqueous dispersion to alt for 24 hours. After 24 hours, stable aqueous composite dispersions remained 
fluid and pourable, and maintained a single phase. Unstable aqueous composite dispersions became highly Vis- 
cous or formed nonfluid pastes. 

Delta Tint Strength Test: Tint strength is a measure of light scattering within the coating, In particular, light scattering 
by the titanium dioxide partk:les In the coating. Increased fight scattering Is observed for coatings containing com« 
posite panleJes which Include titanium dioxide particles as the titanium droxide particles are spaced apart from 
each other. Coating containing composite particles had increase tint strength, characterized by delta tint strength, 
compared to control coating which did not contain composite partlelee. Delta tint strength was measured by first 
preparing a sample by applying a .06 mm (3 mli) thick wet film of the coating formulation onto an opacity chart 
(Chart 5C, The Lenota Company). The coated samples was allowed to dry at 21 '^C and 20^ relative humidity for 
24 hours. The Y reflectances of the coated samples were measured at a ASVO" reflection setting with a Pscifk; 
Sciendrio Colorguard (Pacino Sclentifk:). The delta tjnt strength was calculated by: 

delta tint strength = - 

where Y^ is the Y ref leotanoe for the coated sample Including composite particles and Yq Is the Y reflectance for 
the control coated sample which did not Inolude composite particles, A delta tint strength value greater than zero 
indicates impfoved light scattering compared to the control coating whteh dfd not contain composite particles. A 
difference of 0,1 unit or greater was reganJed as significant 

Scrub Resistance Test Coated scrub test panels were prepared by applying films of the coating formulation with 
a 0.1 8 mm (7 mil) gap drawdown bar on scrub test panels (#P1 21 -1 ON from The Leneta Company). Control coated 
scrub test panels were also prepared using a control coating f omnulatlon which did not contain composite particles. 
The coated scrub test panels were dried at 21 «»C and 5o% relative humidity for 7 days. The scrub r^fstance tost 
was perfomied using an Abrasion Tester from Gardner ljat>oratory, according to the following procedure: The 
coated scrub lest panel was placed on a scrub plato with two 6.35 cm brass shims placed 1 1 .4 cm from each other. 
On a scmb brush was placed 1 0 ml of Standardized Scrub Medium (The Leneta Company, item # SC-2). The 
scrub bush was then placed on the coated scrub tsst panel and 5 ml of water was placed on the coating along the 
line that the scrub brush will travel during the scrub resistance test. Tti© scrub resistance was evaluated by meas- 
uring the number of scmbs required to break through the coating (FB) and the number of scmt>s required to remove 
a line completely across eacli slilm (CL). Two coated scruis test panels were tested for each coating fonnulatlon. 
The scrub ratio (SR) was calculated by: 

SR = (FB^/FB^^ 4. FBjg/FB*2r + FB,/FB°„ + FBai/FB^g, + CL^/CU^^ + 

CLss./CL'^ar + CLi,/CL^, + Cl-a,/CL°2|)/8 
ss . 

where the subscripts and "I" refer to the right and left 3hims> respectively, the subscripts "1" and ■fi" refer to the 
two coated aorub test panels with each coating, and the superscript "0" refers to the control coated scrub test panel 
which did not contain compos ita parCldee. A scrub ratio greater than unity Indicated that the coating had increased 
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scrub resistance compared lo the control coating which did not contain composite partides. A difference of 0.05 
Liriit orgreater was regarded as sIgnlflcanL 

[0067J TTiQ foflowing abbreviations are used Ih the examples; 



AA 


acrylic add 


D.I. water 


delonized water 


SLS 


eodlum iauryi sulfata sotlds) 


BA 


butyl acrylate 


MMA 


methylmethacylate 


MAA 


methacryltc acid 


PEM 


phosphoetliyl mathacrylate (B5% activQ) 


ST 


styrene 


ALMA 


allyl rriGthacryJate 


Surfactant 


Ethoxyiated Cq to C^a ailcyl ethyl sulfate having from 1 to 


•40 


ettiylene oxide £|roup8 permolGcula (30% aotive in water; 



[0068] The two-phase polymer particle? of this Invention and Comparative polymar partiolee In the following examples 
wore prepared by polymerization in a S liter, four necked round boitom riask whicti was equipped with a jsaddle fittrrer, 
so thermometer, nitrogen inlet, and a reflux condenser. 

Example 1 - PreparBtion of Two-Phaee Polymer Particles bv Two Stage Polymerteatlon 

[0069] The two-phase polymer particles of this inventidn having a soft polymer phase and a hard polymer phase 
were prepared by a two stage polymerization using the following procedure! An Inirtaf amount D.I. water was added to 
the flask end heated to SO^C under a nilrogen atmosphere. Next, a solution containing 10.0 g surfactant jn 10.0 D,|, 
water was added to the flask, followed by the addftion of an Initiator solution containing 4.fl q sodium persutfate In 50.0 
9 D.I. water. ImmedJately after the addition of the initiator aotution, a first monomer emulsion. ME I. waa feed into the 
flask at a rate of approximately 12.0 g/mfn while maintaining the temperature of the reaction mixture et BO°C. After 
SO completion of theflrst monomer emulsion teed, the contents of the flask, wers maintained at 80«C for 10 minutes. Next 
a second monomer emulsion, ME II, was added to the flask at a rate of approximately 14.0 g/min. After the oompletion 
of the eecond monomer emulsion feed, the resu teng dispersion was maintained at BO'Cfor 1 6 minutss and then allowed 
to oool to IS'C. Next, aqueous ammonra (28%) was added to raise the pH to 8.0 to 10.0, The eonients of the flask 
were filtered to remove any eoagulum. 
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Table 1,2- 



10 



20 



30 



.45 



Propartlea of Two-Phese Polymer Particle© Prepared by Two Stag© PolymerizatiDn 


Example 


% Solids 


Particle Size (nm) 


PH 


Tg(l) rc) 


Tg(ll) rc) 


Wt. Ratio Hard/Soft 


1.1 


36.4 


53 


9.3 


100 


6 


1:1 


1.2 


36.9 


87 


9.1 


100 


6 


2:1 




35.5 


85 


6.8 


100 


7 


2:1 . 


1.4 


35.9 


83 


d.3 


100 


4 


2:1 


1.5 


35,8 


66 


6,S 


10O 


15 


2:1 


1.6 


35.6 


69 


6.6 


100 


21 


2:1 


1,7 


35.5 


B3 


9.6 


100 


2B 


2:1 


1.8 


35.8 


69 


8.6 


100 


7 


3:1 


1.9 


35.6 


S4 


8.6 


100 


7 


4:1 


1.10 


35.7 


86 


6i 


100 


9 


4:1 


1.11 


36.5 


91 


6.5 


100 


7 


5:1 


1.12 


38.5 


90 


B.5 


100 


7 


7:1 


1.13 


36.5 


69 


9.0 


100 


7 


10:1 


1.14 


35.e 


78 


8.8 


56 


5 


1:2 


1.15 


35.B 


81 


9.0 


59 . 


5 


1:3 


1.1B 


35.4 


6fi 


8.9 


56 


5 


1:4 


1.17 


Q6.9 


62 


0,6 


76 


7 


2:1 


1.1B 


35.8 


83 


6.6 


58 


7 


2:1 


1.19 


36.8 


74 


8,9 


43 


7 


2:1 



Example 2 ■ Praparattora of Comparatlvft Polyrnere 
One-Phaso Polymar PartfclQc 

[0070] Comparative one-pliase polymer particles wore prepared according to the following procodura: An Initial 
amount D.K water was added to the flasK and heated to 80'C under a nitrogen atmosphere. Next, a eoap solut'on was 
prepared and adddd to the flask, followed by the addition of an Initiator solution. Immediately after the addition of the 
initiator solution, a monomer emulsion (ME) was feed Into the flask at a rate of 1 7.5 gfmin while maintaining the tem- 
perature of the nsactron mixture at 80°C. After compl^ion of the monomer emulsion feed, the contents of the flask, 
which contained an dispersion, were maintained at 80*C for 1 5 minutes and then allowed to cool to 1 5°C. Next, aqueous 
ammonJa (28%) was added to raisethe pHto 8.0 to lo.o. The contents of the flaaic were filtered to remove any coaguium. 

2.1 PolymBrizatfon of Comparative One-Phase Polymcf Partleies 

[0071] 



Example 


tnitlai D.I. Water (g) 


Soap Solution initiator Solution 


Monomer Emulsion 


Comparath^e A 


1800 


11.8 g SL,S In -10 g D.i. water. 
6.0 g sodium pensulrate in 
60.0 3 D.I. water. 


520.0 g D.I. water. 53.S g SLS, 330.0 g 
BA, 11 02, 1 g MM A, 1 S.O g AA. and 52.9 
g PEM. 
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(continued) 





Example 


Initial D.l. Water (g) 


Soap Solution Initiator Solution 


Monomer Emulsion 


5 


Comparatrve ^ 




10.0 g surfactant In 

1 0 0 D f water 

4.8 0 sodium pereulfate In 

so.Og DJ. water. 


400.0 g DJ. water, 40.0 g surfactant, 
. '3B4.0 3 BA. 761 .7 g MM A, 12.0 g AA. 
and42.3gPEM. 


TP 


Comparat|v9 C 


1600 


lO.OgeuffQctant in 

10.0 DJ. water, 

4.a g sodiunn pereuifat& in 


400.0 g DJ. water, 40,0 g surfactant. 
46B.0 g BA, 677.7. g MM A. 12.0 g AA^ 
and 42.3 g PEM. 


IS 






50.0 g D.l. water. 






ComparatfvQ D 


1600 


lO.Ogfiurfactant in 

10.0 D.l. water. 

4-8 g sodium porautfote Tn 


400.0 g D.l. wat^r. 40.0 g surfactant. 
564.0 g BA, 681 .7 g MMA, 1 2.0 g AA, 
and 42.3 g PEM. 


SO 






BO.og D.l. water. 





110072] Comparative two-phaee polymer pHrtldes wen^ prepared according to tho process of Example i . 

Tal5lsS.2- 



Two-Stagsd Pofymo^I^atlon of Comparative TWo-Phase Polymer Particles 


Example 


Initial DJ. Water (g) 


Monomer &nu|dlon (1) 


Monomer Emulalon (II) 


Comparatr^e E 


1600 


42.0 g DJ. watar, 5.3 g eurfactant, 
. 169.1 g ST, and 0.9 g MAA. 


255 g D.l. water. 26.0 g surfactant. 
61 5. 0 g BA, 442.3 g iWM A, and 72.7 
gPEM. 


Comparative F 


leoo 


200.0 g D.f, water. 24.4 g 
surfactant. 272.0 g BA, 524.0 g ST. 
and 4,0 g MAA. 


110 g DJ. water, 10 g suffactanl, 
200.0 g BA, 1 71 ,8 g MMA, and 26.2 
gPEM. 


Gamparative G 


1600 


200.0 g DJ. water, 24.4 g 
surfacstant, 304.0 g BA, 4d2.0 g ST, 
and 4.0 g MAA. 


110 g D.l. water, 10 g surfactant. 
200.0 gBA, 1 71 .8 g MMA, and 28.2 
gPEM. 


Comparative H 


1600 


200.0 g D.l. water, 24.4 g 
surfactant, 336.0 g BA, 460.0 g ST, 
and 4.0 g MAA. 


110 g D J. water. 10 g surfactant, 
200.0 g BA. 1 71 .0 g M MA, and 28.2 
gPEM. 



[00791 Connparatlve E Id a two-phase polymer particle with a 1 :6 weight ratio of hard polymer phase to soft polymer 
phase. 

[0074] Cornparatlves F-H are two-phase polymer particles with a 1:g weight ratio of two polymer phases in which 
both polymer phases have Tg's below 40^C . 



Table 1.1 - 



Propartfes of C 


Comparative P 


olymers 


Comparative 


Tg (-C) 


Particle Diameter (nm) 


PH 


Wt. Ratio of 1« Polymer Phase/ 2nci 
Polymer Phase 


% Solids 


A 


55 . 


73 


S.I 




37.2 


B 


35 


62 


8.2 




34.8 


C 


23 


60 


8.7 




34.6 


D 


10 


76 


B.8 




34.d 
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Table 1 .1 - (continued) 



Properties of Comparative Poiymera 


Comparative 


Tg CO 


Particle Diameter (nm) 


pH 


wt Patio of 1^ Polymer Phase/ 2P^ 
Polymar Phase 


% Solids 


E 


100/7* 


69 


8.5 


1:6 


^5,2 


F 


28/7* 


71 


9.6 


1:2 


3a.i 


Q 


22/7* 


72 


9.2 


1;2 




H 


15/7* 


72 


9.2 


1;2 


3e.o 



15 



25 



39 



40 



of honJ polymer phase/Tg of solt pe^^er pha 



Preparation of Coating .Fprmulatlons 



£007S] A coating formulation was prepared according to the following procedure! 
A titanium dioxide pigment slurry was prepared by mb(ln£|: 



Water . 


44.779 


OoUold^M defoamer 


3.65 9 


TamoF^ 731 A dTspersant (25% solids) 


7,40 g 


TI-PureTM R-705 titanium dioxide 


201.94 9 


Aqueoud ammonia (2B%) 


1.62 g 



Conoid is a trademark of Rhone-Pouleno Corp. Tamoi 731 is a sodium aatt of polym^rlooarboxyllc aCid, a polycarbox- 
ylate dispersarrt. Tamol is a trademark of Rohm and Haaa Company. Tr-Pure is a trademark of Du Pont de iMemoiua 
Co. Ti-Pure R-706 I& a coaUnge grade of rulile titanturn dioxide. These eomponenta were milled on a high speed disk 
dieporser to form a titanium dioxide plgmant slurry. TTie diepervion containing compositB partieJes wae prepared by 
mixing the titanium dioxide pigment alurry Into a dispersion containing the two-phase polymer partlofes end dilution 
water. TTie dispeiaion was Bllowed to sit for 24 hours prior to the fonmilation of the coating formulation. 
[0076] The coating formulation waa prepared by admixing the IngrsdlentB listed In Table 3.1 to the dispersion con- 
taining the oompofilte partlclee. The latex adsorber in Table 3.1 repreeenia a dispereton containing the two-phase 
polymer partlolea. oraltemaUvely, a dispersion containing oornparative adsorbing pardcles for the comparative coating 
forrnulatlone.- A oontrof coating formulation, PC-0, was also prepared which did not contain composite particles. The 
control coating formulation was formulated by axirTuxing the ingredients Ifetod In T^le 3.1 with the titanium dioxide 
pigment aluny. The coating fonmulations were allowed Id alt for 24 hours prlorto application. The composfte prepared . 
ywilh comparathfe two-phaae polymer particles, Comparative E. was not stable aa evidenced Ijy the formation of a soFid 
gel.Thisprevehtedthefomiulatlon of thecoating fomnuiation, PC-E, including the composite containing Comparadvo E. 
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Exempls 4 - Appfleatlona Resute 



[00771 cpoatings containing the composite particlds of this Invention were compared to comparativa costings con- 
taining composfte particles. The control coating for the delta tint strength and the scoib ratio determinations was a 
coating which did not contain cornpoj5>[te particles. 

[00781 As groups of coating formulattons wore evaluated on different days, the control coating formulah'on, PC-0, 
which was the comparative baste for the delta tint strength and scrub ratio teats, was remeasursd for each group of 
coating formulations repotted in a table. 



Table 4.1 



Comparison between Coatinge Containing Composites Including Two Phase Polymer Particles and One-Phase 
Polymor Partldes 


Coating 
Fonnutatton 


Polymer 
Typ© 


HardTg 


Son Tg 
: C^C) 


Wt Ratio 
l-lard;Sofl 


Composite 
Stability 


• Delta Tint 
Strength 


Scrub Ratio 


Example 3.1 


2 phase 


100 


6 


1:1 


dtable 


1.8 


1.11 


PC-A 


1 phase 


55 


na. 


n.a. 


©table 


1.B 


• 0.94 



13 



SO 



The results in Table 4.1 ehow that cromposfte particles Irxctuding the two-phase polymer particle of Example 3.1 and 
the slngle-ph^i^e polymer particle of oomperative PC-A formed stable aqueoU9 dispersions and had Improved Ught 
eoattering ability as Indicated by delta tinted strength compared to the control coating formulation. PC-0, which did not 
contain oompoelte partfdes. Further, the coating containing composite parl'icJes of this Invention, Example 3.1, which 
Included two-phaee polymer particles, had improved aerub resistance compared to the control coating which did not 
oont^n con^poelteparb'oies. In cpntraet, the coating containing compoalte particies which included alngie-phase pol- 
ymer particles had dacreased acrub resistance compared to the control coating which did not contaan conrpoeite par- 
tides. 



Ttole 4.2 - 



Comparison b 
Polymer Parti 


etween Coatings Containing Compoaltaa IndudlngTwo Phase Polymer Partlclea and One^Phasa 

des . 


Coating 
Formulation 


Polymer 
Type 


HartJTg 
{"C) 


SoftTg 
(*C) 


Wl. Ratio 
HardrSofl 


Compofilte 
Stability 


Delta Tint 
Strength 


Scrub Ratio 


Epcampje 
3.10 


2 phase 


100 


7 


3:1 


Stable 


1.0 


1.16 


PC-D 


1 phase 


n.a 


10 


n.a. 


unstable 


1.3 


1.13 


PC-C 


1 phase 


n.a. 


23 


n,a. 


unstable 


1.2 


1.00 


PC-B 


1 phase 


n.a. 


35 


n.a. 


etable 


1.2 


0.94 


PC-A 


1 phass 


55 


n.a. 


n.a. 


stable 


1.3 


0.84 



SO 



4s 



BO 



Th© resultb in Table 4.2 shows that the coeting containing composite particfes of this Invention. Example 3.1 o, which 
Included two-phase polymer particles, provided a dombJnation of forming a stable aquepuQ dispersion of ocmpoette 
particles and providing a coating with scrub reel^noe. In comparieon, the comparative coatlnga PC-A and PC-B, 
wfiich contained oompoerto particles Including aingle phaae polymer particles, had decreased e^srub resistance com- 
peredtotho control coating which did not coniain composite partlclea. Further, the comparative titanium dioxide particle 
dispersions used to prepare comparative coatings PO^C and PC-0 were not stable. 

[0079] Coalings containing composite particles were prepared in which the weight r^o of the two-phase polymer 
paitb^les to titanium dioxide paMiicles waa*var1ed between 12 to 20 parts of the two^hase polymer particles to loo 
parts titanium dioxide. 
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Tabr©4.3- 



EffBCt of Weight Ratio of Two-Phafis Polymer Particles toTitanfum DloxWe Particles on Scrub Retlo 


Coating Formulation 


Wt. Ratio of Two-phase PolymonTiOa 


Polymer TVpe 


Scrub Ratio 


Example 3.1 


12/100 


2 phase 


1.10 


Example 3.2 


1 a/700 


2 phase 


1.10 


Example 3.3 


20/100 


2 phase 


1.12 



The results In Table 4.3 sliowed that coatings containing composites which Included 12 to 20 parts two-phace polymer 
particlaa to 1 00 parts titanium dioxide had bener scrub ratio resistance than the control coating which did not contain 
composite particles. Further, the SCfiib ratio remained nearly oonstarrt In this ranga of two-phase polymer particles lo 
titanium dioxfcia, 

10080] Coating tonnuiation were evaluated containing composite particles which incfuded two-phase polyrrior parti- 
cles with several different glass transition temperatures for the soft polymer phase and a horxJ polymer phase Tg of 
1 0O'G, The weight ratio of the hard phase to the soft phase was 2:1 . 



Ibbia 4.4 - 



Effect of Soft Tg of Two Phase Polymer on Stahiiny. Delta Tint Strength, and Scrub Ratio 


Coating Formulation 


SoftTg(-C) 


Composite Stahlitty 


Delta Tint Strertgth 


Scrub Ratio 


Example 3.9. 


2B 


stable 


1.9 


1.12 


''E3campie3.8 


21 


stable 


2.1 


1.17 


Example 3.7 


15 


stable 


2.1 


1.31 


Example 3.6 


7 


stable 


2.2 


1.28 



3o The results in Table 4.4-show that composites of Examples 3.5, 3.7, 3.6, and 3.9 provided stable aqueous dispersions 
and. provided coating wfth better scrub resistance than the control coating which did not contain composite partlolea. 
The tint strength arid the scrub ratio increased as the Tg of the soft polymer phase deoreesed from 2af C lo 7»C. 
[ooai ] Coating fdnnuiatfons were evaluated containing oompbstte particles which included two-phase polymer par- 
ticles with several different glass transition temperatures for the hard polymer phase a soft polymer phase Tg of 

35 7»C. The weight ratio of the hard phase to the soft phase was 2:1 . For the comparative two-phase polymer particles, 
the weight ratio of the polymer phase with the higher Tg to the polymer phase with the lower Tg was 2:1 . 



Table 4.5 - 



Effect of Hard Tg of Two Phase Polymer on Stablllly. Delta Tint Sinangih, and Scrub Patio 


Coating Formulation 


HardTg (*'C) 


ComposHe Stability 


Delta Tint Strength 


Scrub Ratio 


Example '3,5 


100 


stable 


1.5 


1.10 


Example 3.19 


78 


stable 


1.5 


M3 


Exarriple 3.20 


58 


stable 


1.7 


1.09 


Example 3.21 


43 


Stable 


1.4 


1.08 


PC-F 


28 


unstable 


1.4 


i.ai 


PC-G 


22 


unstable 


1.3 


1.13 


. PC-H 


IS 


unstable 


1.4 


1^ 



The results In Table 4.5 showed that composites of Examples 3.5, 3.19, 3.20, and 3,21 provided stable aqueous dis- 
persions end coatings with belter suitable scrub resistance than the conirrsl coating whbh did not contain composite 
ss particles. In contrast the comparailvo composites containing two-phase polymer particles in which both polymer phase 
had glass transrtfon values below 40' C did not provide stable aqueous dispersions. 

[00fi2] Coating fomiuiatfons were evaluated containing composite particles which Included Iwo-phase polymer par- 
tlcies with several different weight latlos of the hard polymer phase to the soft polymer phase. The Tg of the hard 
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polymer phase was 1 0O'C and tha Tg of th^ eo't polymer phase was 7^C. 

Table 4.6 - 



Effect of the Railo q( the Hard Polymer Phase to the Soft Polymer Phaae on the Coating Propsrtios j 


Coating Pormulation 


Hard Phase :Soft Phase 
Ratio 


Compoette StaiDfiity 


Delta Tint Strength 


Scrub Ratio 


Example 3.15 


10:1 


stable 


1.3 


1.21 


Example 3.14 


7:1 


stable 


1.4 


1.21 


Exampid 3.13 


5:1 


stable 


1.5 


1.1& 


Example 3.10 


3:1 


stable 


2.0 


1.26 


Example 3.5 


2:1 


stable 


2.2 


1.20 


. Composite Including 
Com-E 


1:5 


unstable 


n.a. 


n.a. 



10 



15 



20 



S3 



30 



The results In Table 4.6 showed that the composite particles of Examples 3.1 5> 3.14, 3.13, and 3.10 provided stable 
aqueous dispBreions and providad coating wEth better suitable scrub resistance thart the control coating, PC-0, The 
comparative conrposlte particles which Included Comparative E, a two-phase polymer particle with a ratio of hard 
polymer phase to eoFt polymer phase outside the range of thia invention, did not fomi a stable aqueous dispersion. 
[00&3] Coating formulations were evaluated containing composite particles which Included two-phase polymer par- 
ticles with weight ratios of Che hart! polymer phase to the soft polymer phase in the range of 2:1 to 1 :4. The Tg of the 
soft polymer phase was approximately @"C. 

'mbl^4.7- 



Effsct of the^Ratlo of the Hard Polymer Phase to the Soft Polymer Phase on the Coating Properties 



Coating 
Formulation 


Polymer 
Typo 


HarelTg 
CCJ 


SoftTg 


WL Retio 
Hard:Soft 


Composite 
Stability 


Delta Tint 
Strength 


Scrub Ratio 


Example 3.$ 


2 phase 


100 


7 


2n 


stable 


1.B 


1.53 


Example ^ 
3.16 


2 phase 


56 


5 


1:2 


stable 


1.8 


1.38 


Example 

3.ir 


2 phase 


59 


5 


1:3 


stable 


1.8 


1.42 


Example 
3.16 


2 phase 


58 


5 


l!4 


stable 


1.9 


1.38 


PC-A 


1 phase 


55 


n.a. 


n,a. 


stable 


1.6 


1.13 



40 



45 



In the results In Table 4.7, the control coating, which did not contain composite p&rt|clBd, had lower scrub resistance 
than other samples of the control coating. Consequently, tfie calculated values ft»r tfie scrub ratio are skewed higher. 
The resulte in Table 4.7 show that the composite particles with ratios of hard polymer phaee to soft polymer phase In 
the rango of 2:1 to 1 A provided stable aqueous dispersions. Further these composite particles provided coatjngs with 
Improved scrub resistance compared to a cosilng oohtslning composite particles Including one-phase polymar pani- 
cles. The coatings containing composite particles had increased light ecanerlng comF»ared to the control coating, as 
indicated by the delta tint strength values. 

[0D84] Coating formulations were evaluated containing composite particles haying two-phase polymer panicles 
which inoiuded several levels of phosphonis-funcdonal monomer as a polymerized group and a costing formulation 
containing composite particles having two-phase polymer particles which include acid macromonomeras a polymerized 
group. 
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Table 4.e- 



Effect of Type and Level of Chem1<;al Group to Provide Adsorption to Titanium Dioxldo 


Coating 
Formulation 


Polymer 

Type 


HardTg 

rc) 


SoftTg 


Wt. Ratio 
HafdrSott 


Acid 
Group 


Composite 
Stability 


Delta lint 
Strength 


Scrub 
Ratio 


Example 3.5 


2 phase 


100 


7 


2:1 


2%PEM 


stable 


1.0 


1.06 


Example 3.4 


Z pha^a 


ioo 


. 6 


2:1 


iraP£M 


stable 


6.3 


1.11 


Exampte 3.6 


2 phase 


100 


4 


2:1 


1.5% 
o-AA 


stab[e 


0.4 


1.08 


PC-A 


1 phase 


55 


n.a. 


n.a. 


3% PEM 


stable 


0.4 


0.92 



r5 



The resute In Table 4.S ehow that the composite particles which Include two-phace polymer particles including PEM 
and o-AA as a polymerized group, as exemplified by Examples 3.4-3.e. provided a cgmhlnatlon of stabfe aqueoua 
dispersions, coatings wtth Increased light scatten'ng compansd to mo control coating which did not contain composite 
particles, end Improved scmb rosistanc© compared to h coating containing composlta paitlclaa Including one-pha&O 
polymer particlas. as exemplified by PC-A. 

■nabte4.9- 



Effect of PhoepNorus-FunctionaT Monomer Level 


Coating 
Fomnulauon 


Polymer 
. Type 


HarOTg 

rc) 


SoftTg 
(-C) 


wt. Ratio 
HardTSoTt 


Acid 
Group 


Composlto 
Stability 


Delta Tim 
Strength 


Scrub 
Ratio 


Example 3.4 


2 phase 


100 


6 


2:1 


1%PEM 


stable 


1.3 


1.17 


Example 
3.11 


2 phaee 


100 


7 


4:1 


1.2% 
PEM 


stable 


1.4 


1^0 


Example 
3.12 


2 phase 


ioo 


9 


4:1 


2% PEM 


stable 


' 1.6 


1.15 


PC-A 


1 phase 


55 




n.a. 


3% PEM 


stable 


1.8 


0.93 



25 
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99 



40 



The rosute in liable 4.9 show that the cornr^oslte particles which contain two-phase polymer particles indudrng 1 to 2 
weight % PEM as a polymertzad unit, provided stable aqueous dtepenBlone of composite partlclds, and provided coat- 
ings wfth increased light ecattering compared to a control coating which cfid not contain composite particles and im- 
proved scrub reeletanoe compared to a coaxing contelhlns composite particlas Including one-phase polymor particles, 
as exemplified tsy PC-A. 

Claims 

1 . A composition comprising at least one composite particle; 
wherein said composite particle comprises: 

a) 9 titaniurti dioxide paiticie; and 

b) two-phase polymer particles adsorbed on tfic surface of said titanium dioxide particle; 

wherein said compoelte particle Is fomied In an aqueoud mixture consisting essentially of at least one said titanium 
dioxide particle, a multiplicity of said two-phase polymer particles, and optionally, dispersant. and the weight ratio 
of said muftlprictty ot eald two-phase polymer particles to at least one said titanium dioxide particle In said aqueous ' 
mi^re in the range of 1 :20 to 1 :2: 

wherein each of said two-phase polymer particles comprises: 

1} a soft polymer phase with a glass transldon temperature less than or equal to 40^C, and 
n) a hard polymer phaae with a glass transition temper?iture greater than 40'»C: . 
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wherein the dlfTsrencd between the glass transition temperature of said hard polymer phase ehd'sald soft 
polymer phase Is at least 1 CC; ' ' ^ 

wherein the average weight ratfo of aafd hard polymer phaae to dald soft polymer phase is in the range of 
10:1 to 1:5; and 
& wherein 

A) each of said two-p hase polymer particles includes at least One element selected from the group consisting of; 

at least one phosphorus functional monomer as a polymerized group, 
'9 at least 5 weight % of at least one catboxylic acid monomer as a polymerized group, based on weight of 

said two-phase polymer paxticiGS, 

at Ceast one add macromonomer as a polymerized group, and 

a watersotuble polymerchemically bonded to said two-phase poFymer particles wher^n said water soluble 
polymer has a molecular weight of at leaat 1 500 prior to bonding to said two-phasa polymer particles and 
contains at Keaat one moiety aosorbabie to said titanium dioxida particle; or 

5) said two-phase polymer particles and said tilenlum dioxida particle have opposite charges. 

2. The composition according to Clabn 1 wherein said two-phase polymer particles comprise as polymerized unite, 
so St least one phosphorus functional monomer. 

3. The composition aocoPdlng to Clafrn 1 wherein saW two-phase polymer particles comprise as polymerized units, 
at least 5 % weight of at least one caifooxyllc sold monomer, based or weight of said two-phase polymer particles. 

^ 4. The composition aocording to Claim 1 wherein said two-phase polymer particles are prepared by an aqueous 
. emulsion polymerlzailon process Including at least two polynnarlzation Btages. 

5. The composition according to Claim 1 wherein said two-phase polymar pardetes have an average diameter in the 
range of'SO to 200 hm. 



30 



d. A process for preparing a stable aqueous dispersloh of composite partides oomprfsing the steps of: 



a) diSpensfng titanium dioxide partidas in a first aqueous medium; 

b) preparing a dispersion orsuspenslon Of two-phaso polymer particles In Q eeoond aqueous medium, wherein 
said two-phase polymer particles comprise: 

0 a soft polymer phase with a glass transition temperature lesa than or equal to 40-C. and 
ii) a hard polymer phase with a glass transition temperature greater than 40°C: 

^ wherein the difference between the glass transition temperature of said hard polymer phase and said soft 

polymer phase Is at least 10"C; 

wherein the average weight ratio of said hard polymer phase to said soft polymer phase Is In the range of 1 o: 

1 to 1 :5; and 

wherein 

43 

A) each of said two-phase polymer partides Includes at least one element selected from the group con- 
sisting of: 

at ldas( one phosphorus functional monomer as a polymerized group, 
^ at least 5 weight % of at least one carboxylio acid monomer as a polymerized group, based on weight 

of said two-p haao polymer particlea, ' ' 

at least one acid macromonon^r as a polymerized group, and 

a water soluble polymer chemically bonded to said two-phase polymar particles wherein sard water 
soluble polymer has a molecular weight of at least 1500 prior to bonding to said two^hase polymer 
^ particles and contains at least one mole^ adsorbable to sard tftanium dioxide partlcfe; or 

B) said two-phase polymar perdcles and said titanium dioxide paitlcie have opposite charges; 
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6) preparing a mf)aure consisting essehtially of said firet aqueous medium, said second aqueous medium, and 
optionally, dispsrsant, whorein the average weight ratio of said iwo-phasa polymer particles to eald titanium 
dioxide particles Is In the range ot 1 :20 16 1 !2: and 

d) pemiittlng adsorpUon of said two-phase polymer particles to said titanium dioxids particles to form salcl 
s stable aqueous dispersion of composite particles. 

7. The process according to Claim Q wherein said two-phase polymer particles comprise as polymerized units, at 
least one phosphorus functional monomer. 

10 s. The process according to Claim 6 wherein said two-phase polymer particles comprise as polymerized unite, at 
least 5 % weight of at least one carboxyllb acid monomer,, based on welflhc oC aald two-phase polymer particles. 

9. The process according to Claim B wherein aald two-phase polymer particles are prepared by an aqueous emulsion 
polymertzatlon process Including At least two polymerizatiDn stages. 

IS 

10. The process according to Claim B wherein said two-phase polymer paitfdes have an average diameter in the 
range of 30 to 200 nm. 

£0 



BO 
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